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Abstract
In the context of globalization, international processes do affect the national innovation
system (NIS), increasing the relationship between its agents and its components within
and with external agents.
The paper seeks to determine the openness and internationalization processes in the
internal features of Mexico’s NIS and estimate its impacts. This information could allow
for a better use of scientific, technological, and innovation—internal and
external—capabilities.
The point of departure is the concept of innovation, which was developed for the
industrial revolution where products and technological processes are emphasized,
with a scope of radical to incremental innovation, as a function of the level of their
impacts. Implicitly, innovation has been conceptualized internally within the company,
i.e., closed innovation, especially in large companies with research and development
departments. However, companies have undertaken various forms of collaboration to
reduce costs particularly for R&D, which fall within the concept of open innovation.
Based on the concept of open innovation, an open national innovation system (ONIS)
has been proposed with internal and external components and relationships.
This paper argues that the openness of innovation needs to be applied both at firm
level and through a NIS as a way of handling the risks involved in innovation better.
Thus, firms’ open innovation must correspond to an ONIS, matching the openness and
internationalization of its knowledge components and agents: firms and universities
supported through government policies. The empirical analysis is exploratory, based on
a direct and indirect source to assess how highly developed the Mexican ONIS is in
order to propose some policies.
Keywords: National innovation system, Open innovation, Internationalization, KIBS, TBF,
Entrepreneurship, Mexico
Background
At macro level, the openness and the international processes do affect the national
innovation system (NIS1) by increasing the relationship and collaboration of its agents
and components with external agents. One aspect to be measured is determining the im-
pact of the openness and internationalization (OpIn) processes in the (national) internal
features of Mexico’s NIS, through assessing them within the context of the system’s com-
ponents to facilitate better use of scientific, technological, innovation, and entrepreneurial
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capabilities, both internal and external, considering that both processes are interrelated in
different ways and aspects in each component.
Generalizing to a larger context of Schumpeter’s concept of innovation (Schumpeter
1934), with the concept of open innovation2 and of internationalization processes,
an open national innovation system (ONIS) has been proposed with internal and
external components and agents and relationships. The components of the ONIS
are the businesses and the entrepreneurs, universities, research centers, technology
transfer agents, financing-venture capital and “angels” funding, information sys-
tems, intellectual property mechanisms, and diverse government participation and
regulation.
Opening up innovation and the NIS are motivated by a desire to increase sources of
profits and to diminish the risks of capital investments.
An entrepreneur could overcome some capital risks by widening the scope of their
relationships. This means modifying the concept of innovation, which was developed
for the industrial revolution—where innovation has been conceptualized as occurring
within the company, i.e., “closed innovation.” So companies, especially those with
research and development departments, have undertaken various forms of collabor-
ation to reduce costs, particularly for R&D, which fall within the concept of “open
innovation,” thus diminishing their vulnerability.
Universities and research centers can also open knowledge application relationships,
linking their lines of research with potential users, participating in international
consortia and research networks.
Financing is an international activity, which can be open depending on the risks
involved in the innovation phases, which is particularly critical at birth (start-up) when
the firm starts marketing a product, the novelty of which is often based on the intensive
use of scientific and technological knowledge.
Government policies and incentives could be oriented towards developing innovation
capabilities regardless of the internal or external resources. In this context, the Mexican
diaspora could be a result of public policies, mainly for qualified people.
Literature review
National system of innovation
The NIS creates and disseminates productive knowledge through interrelated insti-
tutions. However, the concept departs from the national space as an attempt to
understand the variety of national systems. The tendency has been for it to be ap-
plied to closed systems, focusing on a country’s specific conditions.3 Therefore, we
should return to the open approach, to be based on aspects and external processes
that are conducive to or allow seizing opportunities, preventing obstacles and
threats in the generation of knowledge and innovation capabilities, both internally
and externally. This implies that the NIS’s components besides its internal relations
are complemented, or sometimes dominated, by external economic relations and
modes of cooperation.
The evolution of the NIS approach can be observed by the inclusion of two aspects:
first, the addition of the analysis of services (Howells & Teller 2004), and particularly of
service innovations, characterized in subsequent phases: assimilation, demarcation, and
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synthesis (Coombs & Miles 2000) (Miles 2008), based on a combination of new and
old theories and concepts (Djellal & Gallouj 2013), and second, the grouping of
goods and services (Omachonu & Einspruch 2014) in a trajectory of interrelation-
ships between the institutions with its context, evolving as an ecosystem of
innovation (Jackson 2011).
Open innovation
Open innovation is “the use of purposive inflows and outflows of knowledge to ac-
celerate internal innovation, and expand the markets for external use of innovation,
respectively” (Chesbrough et al. 2006). In general, innovation occurs in a context of
waves of “creative destruction” that restructure the whole market in favor of com-
panies that adopt the faster occurring discontinuities. However, the capitalist is
usually depicted as the one who manages existing structures, while the relevant issue
is how companies are created and destroyed (Schumpeter 1934).
Open innovation is a concept which refers to the way to manage the uncertainty
involved in the creation of new businesses, especially in the early stages, in order to
increase opportunities for benefits or cost reduction (or both) in different phases of the
knowledge process. So, risk-laden activities of innovation could have the advantages
of “(i) benefits from early involvement in new technologies or business opportunities;
(ii) delayed financial commitment; (iii) early exits reducing the downward losses; and
(iv) delayed exit in case it spins off a venture” (Vanhaverbeke et al. 2008; p. 251).
There is no publication in the literature which considers the OpIn processes of NIS.
However, there are some implicit considerations such as the idea that the national system
of production should not be considered as a closed system (Etzkowitz & Leydesdorff
2000) or that “the specific degree and form of openness determines the dynamics of each
national system of production” (Lundvall 1988).
The dynamics driving the open innovation sources are internationalization processes,
collaboration and alliances with other firms (Hertog 2000), advantages based on the
potentiality of research, and business models of cooperation (based on (Gassmann et
al. 2010); p. 4):
1) Globalization and international division of labor: internationalization of R&D;
internationalization of entrepreneurship and migration of talent; outsourcing
R&D and alliances; and segmentation of production chains and value
2) Relations with suppliers and users: integration of supplier and customer
participation in the innovation process
3) Leveraging multiplication of research skills and intellectual assets (patents)
with collaborative strategies, including new markets
4) Institutional and cultural framework: cooperative model innovation instead
of a temporary monopoly profit-based model
Entrepreneurship
Entrepreneurship is a concept developed to explain the actors of a new wave of firms
generating a “creative destruction,” as the diffusion of new combinations of resources
renders old industries obsolete. The creation of new and better ways of doing business
destroys the established ways (Schumpeter 1934).
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Entrepreneurship initiatives resulting from technology transfers have a lower prob-
ability of surviving (Valls and otros 2012), as they face a large uncertainty (Reis 2011).
This vulnerability can be differentiated according to the business lifecycle—birth,
growth, decline, and death—and threats, which vary according to competition (e.g.,
entry barriers, access to finance, and market rates). In this context, the beginning of the
commercialization of a new product, considering the high costs and risks, is called “the
valley of death.” Risk also depends on the enterprise’s stage of development, whether it
is in incubation or whether it is already marketing new technologies or products.
Indeed, companies that operate and develop new technologies and/or are intensive in
the use of knowledge, but especially those that generate innovations, show higher death
rates. Added to these difficulties inherent in its business is the innovative when putting
products (goods and services) onto the market, or developing new processes (Drejer
2004). The expectations of higher profits from successful ventures must offset the risks
involved.
Entrepreneurship is the ability to bring about change (active) and the ability to absorb
changes caused by external factors (passive).
The role of the entrepreneur is that of an individual or individuals who carry out
the function of combining the factors required to innovate and who may lose this
characteristic when, after a period of time, they merely run the business (Schumpeter
1934; p. 88).
Therefore, an entrepreneur is someone who takes a risk, focusing on innovation and
improvement that creates upheaval and change. Therefore, the entrepreneur is a
disruptor leading to long-run evolutionary growth (Schumpeter 1934). This approach
which understands small firms as breakthrough innovators is complemented by large
firms who undertake more incremental innovation, playing both critical and comple-
mentary roles (Baumol 2002).
However, there are other points of view: entrepreneurship as matching supply and
demand by identifying unnoticed profit opportunities. The entrepreneur is a risk taker
by offering new solutions in the market in the face of uncertainty about whether their
solutions will be profitable. Finally, the entrepreneur could be seen as a resource shifter
managing within firms’ shift resources from lower to higher productivity activities
(OECD 2010; p. 3).
Universities and research centers
The entrepreneurial university plays a role in NIS as an “umbrella of the self-
steering, self-reliant and progressive university,” taking risks, strengthened steering
core; expanding developmental periphery; diversifying funding base; stimulating
academic heartland; and overall integrating the entrepreneurial culture (Burton
2001).
The evolution of the entrepreneurial universities is linked to the interrelations of
universities and research centers with firms and the government, as part of the “triple
helix model” (Etzkowitz & Leydesdorff 2000). The evolution begins with a model of
expectation of continuing use and transformation of knowledge in a linear model
process (Godin 2006). The second phase “entails a laissez-faire policy, nowadays also
advocated as shock therapy to reduce the role of the state in Triple Helix I”; and in
the third phase, the institutional spheres are overlapping, “with each taking the role
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of the other and with hybrid organizations emerging at the interfaces” (Etzkowitz &
Leydesdorff 2000).
The context of changes that impact the universities could be summarized in the
following tendencies (Davies 2001):
1) “reductions in public financial support which create an imperative for new and
diversified financial sources
2) continuing pressure on universities from governments and the industrial sector
to develop applied research and make available education in forms of delivery
congenial to companies and public sector organizations
3) the lifelong learning movement
4) globalization of higher education in its various forms and
5) the opportunities offered by the information/knowledge society revolution.”
6) The triple helix is extended to other agents,4 then a fourth agent “society” is added,
which is related in different ways to the triple helix.5 These interrelations could be
coupled to the framework of “mode 1” of knowledge production to basic university
research in a disciplinary structure which evaluate to a “mode 2” which focuses on
knowledge application and a knowledge-based problem-solving and interdisciplinary
(Etzkowitz & Leydesdorff 2000) (Gibbons et al. 1994).
Government
The role of governments is oriented towards the regulation, incentives, and promo-
tion and towards public-private partnerships. It has a special function in the
internationalization and openness of the economy and the components of the NIS.
There is little research on the aspects of governmental policy that help enterprises
by facilitating and stimulating the use of a firm’s external capabilities and orienting
its impacts on the OpIn (De Jong 2008).
Methods
It is argued that a better solution to managing the risks of innovation is to apply open-
ness in innovations not only at firm level (Chesbrough 2003) but also at the national
level with an ONIS framework involving the main agents: firms, universities and
research centers, and government.
The working hypothesis is that an ONIS is a better framework which generates entre-
preneurship in a society that uses both traditional knowledge and new scientific and
technological advances.
From this perspective, globalization processes are levers that increase internal
capabilities and opportunities for entrepreneurial activities related to science, tech-
nology, and innovation.
The proposal of an ONIS involves several key aspects:
1) Industrial selection based on the intensity of R&D, high technology, and knowledge
intensity and innovativeness
2) Support for SMEs either a technology-based firm (TBF) or knowledge-intensive
business services (KIBS6)
3) Interactive learning and testing processes between suppliers and clients for innovation
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4) Fostering collaboration and strategic alliances between companies for innovation
and diffusion
5) Exploring outward-looking relationships: in venture capital, technology transfer,
partnerships with organizations and companies, international mobility, risk sharing,
information networks, and patents
6) Opportunities from internal and external traditional knowledge to “blending” with
the new technologies7
An analysis of how enterprises are helped to participate in OpIn through govern-
ment policies in order to commercialize the knowledge originated through R&D,
science, and education and in the market (competition, labor market) and in the
firms’ dynamics (entrepreneurship, interactions) is applied to Mexico (Graf & Brau
2013).
The Mexican economic system is polarized making it a dual economy with a few big
international companies and modern firms on the one hand and many small businesses
on the other (op cit. 309). The Mexican NIS is influenced by international agreements,
especially NAFTA.
The public innovation incentive is oriented to support firms’ R&D as well as inter-
action to facilitate the diffusion of scientific knowledge in private and public enter-
prises. However, the incentives are oriented more towards publishing articles than
working in collaboration with enterprises as the public funding system is based on jour-
nal citations (op cit. p308). In addition, the firms with a certain degree of innovation
can profit from an OpIn.
To measure the innovativeness within the firm’s ambit, an Indico index is
applied. The index varies between 0 and 10 points summing up two main compo-
nents: capabilities for innovation and results (output). The first component consists
of knowledge capabilities (hardware, information); employee training (certification,
studies degrees); R&D organization and R&D in % of sales; and the relationship
with knowledge sources. The second are the outputs: innovations, intellectual pro-
priety and markets and product certifications, and service knowledge intensity
(Corona-Treviño 2015).
The Indico index is calculated to measure the 42 firms’ innovativeness based on the
responses of the chief firm’s R&D and/or executives, who reported up to five more im-
portant innovations made in either product, process, organization, or marketing during
the last 3 years (Appendix).
Results
The results are twofold, first, the assessment of the openness of the Mexico NIS includ-
ing its main components and, second, some exploration on the firms’ openness.
Mexico’s ONIS has components and relationships with strengths and weaknesses (Fig. 1):
1. In relative terms, Mexico has a good training capacity producing qualified
personnel based on research center and university teaching and research activities
and networking with its international pairs.
2. Mexico’s knowledge capacity is good in science, is low in technology, and is poor in
indigenous technology transfer and patents.
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3. Patenting by Mexicans is limited (3 % in 2013).8 To foster it, policies are needed.
(a) To create a positive environment for registering patents and exploiting them
and (b) to anticipate the second patenting generation as commercial products
besides the present protection and defense mechanisms (Chien 2010)
4. Venture capital and angels for start-ups are scarce, so international sponsorship
could contribute a lot if they are willing to consider partnerships with local angels
and share the investment risk.
5. Data firms need to be encouraged to handle niches in information growth, in
particular big data.
6. Government policies are more oriented to developing capabilities (human
resources and researchers) than to drive the innovation dynamics. Besides that, the
level of resources on R&D is low (0.5 % GDP) compared with other OCDE countries.
7. Mexico’s qualified “diaspora” is a strategic complement of the ONIS, considering
that some of them are entrepreneurs, patenting and carrying out technology
transfers, and participating in international knowledge networking. Students funded
by Conacyt, many of whom form part of the Mexican diaspora, have developed
technology (6.9 %), have been granted patents (3.9 %), have been entrepreneurs
(6.14 %), and report that they have been participating in innovations (12.5 %). This
means that in this sector of the diaspora, there are people who could potentially
contribute to Mexico’s capabilities in these fields.
Start-ups, spin-offs
As mentioned in the methodology, an Indico index—which is composed of capacity in-
dicators and results—is applied to measure the innovativeness of the firms. The Indico
Fig. 1 Open innovation system: ONIS. Source: author’s design
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Output Capacity Efficiency Industry International
indexa
51 Impresos técnicos
marno S.A. de C.V.
KIBS 6.78 6.55 7.01 0.94 Printing 4
1 Praxis KIBS 6.73 6.39 7.08 0.90 Software 42
35 Grupo SSC KIBS 6.48 5.33 7.64 0.70 Software 0
49 Integral Project IT S.
de R.L. de C.V.
KIBS 6.32 5.71 6.94 0.82 Software 3
31 Agro&biotecnia KIBS 6.32 6.11 6.53 0.93 Biotechnology 0
10 BUSINESS INTELLIGENT KIBS 6.32 4.88 7.75 0.63 Software 10
33 Government Solutions KIBS 6.30 5.86 6.74 0.87 Software 1
45 Google Inc. KIBS 6.19 3.82 8.56 0.45 Software 1
9 PIXCOMP KIBS 5.82 5.32 6.32 0.84 Software
(móvil)
10
47 Productos Mahaua TBF 5.68 4.74 6.63 0.71 Design 0
32 Qualsoft KIBS 5.67 4.13 7.20 0.57 Software 0
36 Grupo QUAE Laboratorio
de Diagnóstico Molecular




14 Uno uno cero uno KIBS 5.40 4.99 5.81 0.86 Software 2
15 Factor Evolución KIBS 5.29 4.54 6.04 0.75 Software 4
44 Mesquite Tech
S.A. de C.V.
KIBS 5.23 4.35 6.12 0.71 Software 103
34 BrainUp Systems KIBS 5.19 4.44 5.95 0.75 Software 6
4 Innovaweb KIBS 5.17 4.59 5.75 0.80 Software 0
39 Ideo Gráficos &
Publicidad S.A. de C.V.
KIBS 5.14 2.65 7.62 0.35 Publicity 4
6 WEXLER TBF 5.11 4.76 5.46 0.87 Autoparts 25
46 Sociedad de Ingeniería
Especializada de
Occidente SA de CV
KIBS 5.01 3.62 6.40 0.57 Engineering 5
48 Grupo Financiero Banorte KIBS 4.73 3.44 6.02 0.57 Finance 23
42 Grupo Nacer Global KIBS 4.52 4.91 4.12 1.19 Education 3
38 Alimentos Nutracéuticos
Bioprocesados SAPI de CV
TBF 4.42 1.43 7.41 0.19 Food 0
40 Wender & Wender KIBS 4.41 2.47 6.34 0.39 Design
graphic
0
18 Comparte Vida TBF 4.37 2.56 6.18 0.41 Health 0
12 REDRABBIT KIBS 4.34 3.38 5.29 0.64 Software 5
2 PROSA KIBS 4.34 4.76 3.91 1.22 Informatics
finance
12
8 WRP KIBS 4.19 3.73 4.64 0.80 Software 0
11 RQ PORTILLO KIBS 4.13 3.81 4.45 0.86 Software 0
52 Argeomática SA de CV KIBS 3.92 1.87 5.96 0.31 Software 0
5 CustomSoft KIBS 3.86 3.94 3.78 1.04 Software 20
50 INDUSTRIA ZÜDHER
S.A. DE C.V.
TBF 3.83 3.01 4.65 0.65 Transport 90
41 CLEMENTE CAMARA Y
ASOCIADOS PUBLICIDAD
S.A. DE C.V.
KIBS 3.66 2.14 5.18 0.41 Publicity 0
17 ONE CARD KIBS 3.24 1.23 5.25 0.23 Software 1
Corona-Treviño Journal of Innovation and Entrepreneurship  (2016) 5:22 Page 8 of 13
index for all the 41 firms shows a range from 6.78 down to 1.47 with an average of
4.77, highlighting a group of 21 firms with above average rating. In the top 10 Indico
index (more than 5.7 points), nine are KIBS and one is a TBF, so that innovativeness
slants towards service firms (Table 1).
Considering an efficiency index—calculated by the relation between output over
capacity—the first rank varies from 1.22 (Prosa) down to 0.19 (ANB). The average
tendency is 1.37 points of innovativeness by one unit of efficiency (though it is not
statistical accepted).
The firms show a pattern of external participation involving other agents in their
innovations. On one hand, half of the TBF, (3 out of 6 TBFs) and one third of the KIBS
(12 out of 35) do their innovations internally. On the other hand, firms’ innovations
developed with external participation are (1) working in partnership suppliers (5 KIBS
and 1 TBF); (2) clients’ participation (9 KIBS); and (3) collaborating two external
agents either outsourcing suppliers or clients (7 KIBS). “Innovation chains” is with
three external agents joining forces with the firm (1 KIBS—SIEO, 1 TBF—Mahaua)
and is subcontracting the whole innovation, which is without internal participation
(1 KIBS—“Comparte Vida,” 1 TBF—Biocris). The 56 % of the firms have either sales,
intellectual property, linkages, or certificates, with international relationships which
most of them (61 %) have an innovativeness index above the average (Table 2).
Discussion
The current crossroads in Mexico of growing qualified unemployment, as a re-
sult of a stagnant economy that generates few jobs, could be partially reversed
by productive policies and incentives and also by facilitating the channeling of
funds to promote, among other things, technological and knowledge-intensive
entrepreneurship services. Both the open innovation of TBFs and KIBS in a
framework of ONIS could facilitate policies that allow a better use of the know-
ledge flows concatenated with the internationalization of entrepreneurship and
enterprises in general. One possible source of change could come from the
Mexican diaspora. Of 100 Conacyt scholars who stayed abroad, 6 have been en-
trepreneurs, or involved in technology development; 4 have been granted
Table 1 Innovativeness firms’ Indico index (Continued)
53 PIENSA GRAM SERVICE
S.A. DE C.V.
KIBS 3.24 2.19 4.30 0.51 Finance 0
43 UBER MEXICO AC RL KIBS 3.21 3.34 3.07 1.09 Transport 5
19 Biocris TBF 3.19 2.38 4.00 0.60 Health 0





KIBS 2.28 1.59 2.96 0.54 Consulting 0
13 Amplemind Technology
Agency
KIBS 1.47 0.89 2.05 0.44 Software 20
aInternational index is the sum of international firm’s sales, patents, relations, and certificates. Source: based on data
collected directly from author’s interviews with firms
Corona-Treviño Journal of Innovation and Entrepreneurship  (2016) 5:22 Page 9 of 13
patents; and 12 have participated in innovations. These capabilities could be very
useful in an ONIS.
Conclusions
Mexico lags behind other countries with a higher or similar level of scientific and
technological (S&T) development. This is due to the difference between, on the
one hand, the relatively significant S&T capacities developed in the country’s higher
education institutions and public research centers and, on the other hand, a rather
low level of dynamism in the creation of knowledge-based start-ups.
In this context, openness in the ONIS components is proposed, in particular
those related with the application and use of knowledge in production, that is, in
firms and start-ups, both TBFs and KIBSs: technology development, technology
transfer, intellectual property, and financing through venture capital and angels
funds.
However, for this to occur, active policies will be necessary on the part of govern-
ment, research centers, universities, and firms.
Table 2 Collaboration in the innovation %
Source: Based on data collected directly from author’s interviews with firms
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An exploratory study of 41 start-ups, based on an Indico index, suggests that KIBS
are more innovative (4.8 vs 4.4, respectively) and more efficient (0.72 vs 0.57,
respectively) than TBFs.
On one hand, openness with respect to innovation is observed in two thirds of the
35 KIBS and in half of the TBF; the rest handle innovation internally. Ten percent of
firms have an innovation chain that is innovating with the participation of clients,
suppliers, and subcontractors. On the other hand, the firms’ internationalization is
positively related to its innovativeness.
To sum up, the OpIn of innovation needs to be applied both at firm level
and through an open NIS as a way of increasing firms’ innovativeness and cre-
ating a positive environment through which to manage the risks involved in
innovation.
Endnotes
1There are now four definitions of innovation systems commonly used in the
literature: national, regional, sectorial, and technological. “There are not many
studies of the degree of internationalization of innovation systems. The few stud-
ies that exist show that National Innovation Systems are becoming internationa-
lized; even if the institutions that support them remain country-specific” (Carlsson
2006).
2Open innovation has been defined as “… the use of purposive inflows and outflows
of knowledge to accelerate internal innovation, and expand the markets for external
use of innovation…” (Chesbrough 2003).
3The concept is proposed by C Freeman when analyzing innovations in Japan. “At
the international level two contrasting experiences made a very powerful impression
in the 1980s both on policy-makers and on researchers: on the one hand the extraor-
dinary success of first Japan and then South Korea in technological and economic
catch-up” (p. 10; Freeman 1995).
4“The Triple Helix indicator can be extended algorithmically, for example, with
local-global as a fourth dimension or, more generally, to an N-tuple of helices”
(Leydesdorff 2012).
5“The ‘Quadruple Helix’ model, through which government, academia, industry,
and civil society are seen as key actors promoting a democratic approach to
innovation through which strategy development and decision-making are exposed
to feedback from key stakeholders, resulting in socially accountable policies and
practices” (Carayannis, E.G. & Campbell 2012).
6“It is critical to consider how these innovation variables interact with one another in
the context of goods and services” (Omachonu & Einspruch 2014).
7This leads to an inclusive alternative, which underlines development based
on open knowledge “make room for people to co-produce the knowledge asso-
ciated with the innovations effectively in society; this implies unorthodox ways
of thinking, and a lot of innovation in the design of policies” (Dutrénit & Sutz
2014).
8In 2013, 302 patents were granted to Mexicans, that is, 3 % of the total (10,343
patents) (IMPI, 2013).
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